Chlamydia trachomatis is the most commonly reported infection in the United States; more than 1.5 million cases were reported in 2015 [1] . Among women, chlamydial infection can cause pelvic inflammatory disease (PID), ectopic pregnancy, and tubal factor infertility (TFI) [2, 3] . Because of these serious complications and the high prevalence of asymptomatic chlamydial infection [4] , the United States Preventive Services Task Force (USPSTF) recommends annual screening of all sexually active women aged ≤24 years and of women aged >24 years who are at increased risk of infection [5] .
Although the Centers for Disease Control and Prevention (CDC) estimate the incidence of chlamydia diagnosis annually, such estimates include a mixture of first-time and repeat diagnoses and provide little insight into what percentage of women are diagnosed with chlamydia throughout their lifetime. To our knowledge, the cumulative risk of chlamydia diagnosis throughout a woman's lifetime has only been estimated for one geographic setting in the United States (Florida [6] ). The extent to which the risk is similar in other populations and how risk has varied over time are largely unknown. Furthermore, although chlamydia has been associated with sequelae [2, 3] , the lifetime risk of a woman in the United States experiencing chlamydia-associated sequelae is unknown.
Washington State was among the first areas in the United States to institute a chlamydial screening program. Screening has been ongoing for almost 30 years [7] , with relatively high levels of coverage [8] . Because of this long history, data from the area provide a unique opportunity to assess trends in women's cumulative lifetime risk of chlamydia diagnosis and how trends in that risk may vary by race/ethnicity. We created life tables to assess women's "lifetime" risk of chlamydia diagnosis, cumulative risk of chlamydia diagnosis by birth cohort, and lifetime risk of experiencing chlamydia-associated PID and TFI, overall and by race/ethnicity in King County, Washington.
METHODS

Study Design and Population
We grouped women aged 15-34 years in King County from 1992 through 2014 into the following five 5-year birth cohorts: 1975-1979, 1980-1984, 1985-1989, 1990-1994, and 1995-1999 . Of note, women born after 1980 were not yet age 34 in 2014. For the younger birth cohorts, we examined risk for ages with data available.
Data Sources
We used King County surveillance data to define the number of women with first and repeat chlamydia diagnoses by year, age, and race/ethnicity. Washington laws require laboratories and medical providers to report chlamydia cases to local health departments, which report cases to state authorities. Each patient's first and last names, diagnosis, age, and race/ethnicity are included in the reports. In routine surveillance activities, the Washington Department of Health (DOH) checks for duplicate cases and patients using Link Plus [9] and identifies repeat diagnoses, requiring a date of birth, last name, and first name match. Documentation of treatment for the previous diagnosis is not required to define a repeat diagnosis; however, treatment was reported for 98% of cases. We used census data to define the number of women at risk each year. Single-year population estimates for women in King County by age and race/ethnicity were obtained from the DOH Community Health Assessment Tool [10] .
Statistical Analysis: Cumulative Risk of Chlamydia Diagnosis
We created life tables to estimate the cumulative risk of first chlamydia diagnosis between age 15 and 34 among women in King County between 1992 and 2014. This life table approach [11] estimates a woman's cumulative risk of chlamydia diagnosis by age 34 (includes diagnoses at age 34) or the oldest age for which data were available for her birth cohort. We estimated the cumulative risk overall, by birth cohort and by race/ethnicity (ie, non-Hispanic white, non-Hispanic black, and Hispanic [any race]). Because 94% of chlamydia diagnoses occur in women aged ≤34 [1] , we considered the cumulative risk of chlamydia diagnosis by age 34 for the 1980-1984 birth cohort to reflect current lifetime risk. We compared women across birth cohorts at age 24 because it was the oldest age at which 4 cohorts could be compared.
To create life tables for each birth cohort, we calculated an age-and year-specific risk of first chlamydia diagnosis by dividing the number of age-and year-specific first chlamydia diagnoses by the King County age-and year-specific population at risk of first chlamydia diagnosis (Supplementary Material, equation 1). To estimate the population at risk of first chlamydia diagnosis for each year and age, we subtracted the estimated number of women who had a chlamydia diagnosis prior to that age from the population. We assumed no women had a first chlamydia diagnosis before age 15. King County attracts a substantial number of young in-migrants, some of whom were diagnosed with chlamydia before moving to the area. To account for this, we subtracted the expected number of repeat chlamydia diagnoses among new population members from the number of first chlamydia diagnoses for each age and year. We estimated the number of new population members based on the change in the population size within a birth cohort for each age and estimated the number of repeat diagnoses in that population by applying the age-and year-specific incidence rate of repeat diagnosis to the number of new population members. For each birth cohort, we added the age-and year-specific risks to obtain the cumulative risk of first chlamydia diagnosis (Supplementary Material, equation 2). We repeated this process for each racial/ ethnic group. Due to the large percentage of first chlamydia diagnoses with unknown race/ethnicity (36%), we distributed these cases between race/ethnicity categories based on the distribution of first chlamydia diagnoses with known race/ethnicity by year and age group (Supplementary Material).
Statistical Analysis: Lifetime Risk of Chlamydia-associated PID and TFI
We estimated the lifetime risk of chlamydia-associated PID and TFI overall and by race/ethnicity using our estimate of the lifetime risk of chlamydia diagnosis for the 1980-1984 birth cohort, because it most closely reflected current risk. We used estimates of the cumulative risk of each sequela from a Danish population-based study by Davies and colleagues [12] among women who ever tested positive (PID = 3.11%, TFI = 0.59%), only tested negative (PID = 2.48%, TFI = 0.51%), and were never tested (PID = 0.60%, TFI = 0.10%) for chlamydia. Based on the distribution of testing in Denmark, we calculated the risk of each sequela among women who were never diagnosed with chlamydia using a weighted average of the risk among women who only tested negative (44.2%) and women who were never tested (55.8%; Supplementary Material, equation 3). Subsequently, we estimated the cumulative risk of each sequela that was attributable to diagnosed chlamydia by subtracting the risk of the sequela that was expected in the absence of diagnosed chlamydia (Supplementary Material, equation 4). We present point estimates and ranges based on the bounds of the 95% confidence intervals for estimates in each testing group in Davies' study. Davies' estimate for PID incorporated only hospital episodes of PID. However, approximately 71% of diagnosed PID in the United States [13] and 76% of diagnosed PID in Denmark [14] are managed in the outpatient setting. Thus, we considered our analysis using Davies' estimate to yield a "low" estimate of the lifetime risk of chlamydia-associated PID. To account for PID managed in the outpatient setting, we derived a "high" estimate of the lifetime risk of chlamydia-associated PID, assuming that Davies' estimate did not capture 71% of diagnosed PID cases (Supplementary Material, equation 5).
We conducted a sensitivity analysis that incorporated data from a widely cited study of hospitalized cases of PID by Weström and colleagues in Sweden [15] . We estimated the risk of chlamydia-associated TFI among women estimated to have developed chlamydia-associated PID (using our high and low estimates), assuming that 10.8% of women with PID develop TFI (Supplementary Material, equation 6).
The University of Washington Human Subjects Division approved this study. We prepared the analysis dataset using Stata 13 (StataCorp, College Station, Texas) and created life tables in Excel 2010 (Microsoft Office, Bellevue, Washington).
RESULTS
From 1 January 1992 through 31 December 2014, there were 71 352 chlamydia diagnoses reported among women aged 15-34 in King County, Washington, of whom 51 464 were first diagnoses and 19 888 were repeat diagnoses. Of the 51 464 first diagnoses, 24 567 were among non-Hispanic white women (48%), 10 829 were among non-Hispanic black women (21%), 7544 were among Hispanic women (15%), and 8524 were among women of other or multiple racial groups (17%).
Cumulative Risk of Chlamydia Diagnosis
For women born between 1980 and 1984, the lifetime risk of chlamydia diagnosis was 19.8% overall and 14.0% for non-Hispanic white, 64.9% for non-Hispanic black, and 32.6% for Hispanic women. The cumulative risk of chlamydia diagnosis increased modestly over time among birth cohorts born between 1975 and 1994 ( Figure 1A ). For women born between 1975 and 1979, 1980 and 1984, 1985 and 1989, and 1990 and 1994 , the risk of chlamydia diagnosis by age 24 was 13.9%, 15.1%, 16.1%, and 17.3%, respectively. The increase in risk across birth cohorts was primarily evident among women in their early 20s; risk during the teenage years was stable across cohorts. The trend toward higher risk of diagnosis was not evident in the youngest birth cohort (1995-1999), although they were not yet age 24.
Secular trends also varied by race/ethnicity (Figures 1B-D and 2). Across all birth cohorts but the youngest, the cumulative risk of chlamydia by age 24 ranged from 10.2% to 13.1% among non-Hispanic white, 38.6% to 57.3% among non-Hispanic black, and 20.2% to 25.8% among Hispanic women. The cumulative risk increased somewhat for younger birth cohorts among non-Hispanic white and Hispanic women but declined substantially for non-Hispanic black women, among whom the cumulative risk by age 24 peaked at 57.3% in women born between 1980 and 1984 and declined to 38.6% in women born between 1990 and 1994. As a result, disparities between blacks and whites decreased for younger cohorts. Non-Hispanic black women born between 1980 and 1984 had approximately 5.5 times the risk of chlamydia by age 24 compared to non-Hispanic white women; this decreased by almost 50% to 2.9 times the risk among women born 10 years later in 1990-1994. Table 1 ). Our primary estimate of the lifetime risk of chlamydia-associated TFI was 0.06% (range, 0.06-0.06). For non-Hispanic black women born between 1980 and 1984, the lifetime risk of chlamydia-associated TFI was 0.20% compared to 0.04% for non-Hispanic white and 0.10% for Hispanic women. Our primary estimates of the risk of TFI consistently fell within the ranges derived from our sensitivity analysis (Table 2) .
Lifetime Risk of Chlamydia-associated PID and TFI
Based on Davies' estimates of the risk of sequelae and our adjustment to account for outpatient PID, we estimated that 1.
DISCUSSION
In King County, Washington, approximately 1 in 5 women are diagnosed with at least 1 chlamydial infection in their lifetime. There are substantial racial/ethnic disparities in the lifetime risk of chlamydia, with more than 60% of non-Hispanic black women diagnosed with at least 1 infection in the most affected birth cohorts, a risk that is almost 5-fold higher than that of non-Hispanic white women. Overall, between 1 in 88 and 1 in 300 women develops chlamydia-associated PID. Moreover, approximately 1 in 500 non-Hispanic black women experience chlamydia-associated TFI compared to 1 in 2500 non-Hispanic white women. Our study highlights racial/ethnic disparities in chlamydia risk and the need for innovative control measures to decrease the associated morbidity.
Our results are consistent with findings from a small number of studies on the cumulative risk of chlamydia and racial/ ethnic disparities in the incidence of chlamydia in the United States. We build on these findings by showing how disparities in chlamydia risk have changed over time and may result in disparities in major morbidity. While our estimate of the overall lifetime risk of chlamydia diagnosis is almost identical to that from a study of women in Florida (20%), we identified a higher lifetime risk among black women in King County compared to black women in Florida (50% vs 36% for roughly comparable birth cohorts) [6] . Importantly, comparisons across geographic settings reflect both true differences in the risk of chlamydial infection and differences in testing patterns. For example, yearly screening coverage in Washington is roughly 50% [8, 16] . Had screening coverage overall or among black women been higher, more infections would have been detected, leading to a higher risk of diagnosis (assuming that screening does not affect the risk of infection at the population level). However, our estimates of the relative lifetime risk of chlamydia diagnosis among black and Hispanic women compared to white women in King County (4.6 and 2.3 times the risk, respectively) are generally consistent with a nationally representative study of chlamydia prevalence in young adults [17] and chlamydia incidence estimates from 2 randomized, controlled trials among young adults who attended sexually transmitted diseases clinics [18, 19] , which were not subject to bias in testing patterns. Of note, a study of English women aged 30-34 (born between 1976 and 1982) found that 34% had antibody to C. trachomatis [20] , highlighting that our estimate (20%), which is based on diagnoses rather than antibodies indicative of prior infection, underestimates true lifetime risk of infection. Although our estimates of the lifetime risk of chlamydia-associated PID and TFI are imprecise given the variety of assumptions required, they do provide a general estimate of the magnitude of these important conditions and demonstrate how racial/ethnic disparities in risk of chlamydia translate into disparities in major reproductive tract sequelae. Modeling studies from the United Kingdom estimated that by age 25-34, approximately 6.8% of women have had at least 1 episode of chlamydia-associated PID (includes undiagnosed PID) [21] and 0.1%-0.25% of women have experienced chlamydia-associated TFI [22] . Our estimates of the risk of chlamydia-associated PID and TFI are lower (PID, 0.32%-1.19%; TFI, 0.04%-0.13%), in part, because they do not include the risk that results from undiagnosed chlamydial infections, which likely carry the highest risk of sequelae [23] . Thus, our estimates are best considered lower-bound estimates of the risk of chlamydia-associated PID and TFI.
Although black women had the highest risk of chlamydia diagnosis in our population, the risk among black women declined dramatically over the study period, even as the risk increased in other racial/ethnic groups. A number of factors may help explain these trends. First, national chlamydial screening programs, including the CDC Infertility Prevention Project (IPP) and screening undertaken in response to CDC and USPSTF recommendations, may have disproportionately benefited the population with the highest prevalence of infection. IPP, in particular, focused on low-income and minority women [24] , and Medicaid data suggest that black women are more likely to be tested for chlamydia than white women [25, 26] . Our observation is also consistent with findings from mathematical models that predict that screening programs would have their greatest impact on age groups with the highest prevalence of infection [27, 28] . Second, secular changes in the age of sexual debut may have contributed to high but decreasing risk of chlamydia diagnosis among black women. Although, on average, black women start having sex earlier than white and Hispanic women [29] , from 1991 through 2011, the percentage of high school students who have ever had sex decreased more dramatically for blacks than whites (26% vs 11% decrease) [30] , perhaps contributing to the disparate trends observed. Third, the observed trends could reflect changes in screening practices. We estimated the risk of chlamydia diagnosis not infection. If levels of screening declined among black women or disproportionately increased among non-blacks, it could result in the disparate trends observed.
Though the lifetime risk of chlamydia-associated TFI overall is relatively low, the number of women impacted and societal Incorporates estimates of the risk of PID and tubal factor infertility (TFI) among women in Denmark by chlamydia testing history (ever positive, always negative, never tested) [12] .
Abbreviation: PID, pelvic inflammatory disease. a Lifetime risk was defined as the risk by age 34 years (includes age 34).
b The range is based on the bounds of the 95% confidence intervals for estimates of the risk of PID and TFI among women who ever tested positive for chlamydia, always tested negative for chlamydia, and were never tested for chlamydia, respectively. c Numbers differ in the thousandth decimal place.
costs are not trivial. For example, if the risk of chlamydia-associated TFI were similar across the United States and remained stable in the coming decades, of approximately 76 165 033 women and girls who are currently aged <35 in the United States, about 45 700 would experience chlamydia-associated TFI, with 41% of cases occurring among the 12% of women who are black. These racial/ethnic disparities in chlamydia-associated TFI are particularly worrisome given women's limited access to assistive reproductive technology services, which are not typically covered by health insurance, and some evidence that suggests that minority women have worse outcomes even when such services are sought [31] [32] [33] .
There are important limitations to our analysis. First, undiagnosed chlamydial infections were not included, leading to an underestimate of the true lifetime risk of chlamydial infection. The risk of sequelae is likely substantially higher for untreated infections, so our estimates represent a lower bound for the risk of chlamydia-associated PID and TFI. Second, to minimize bias due to missing race/ethnicity data, we distributed these cases between race/ethnicity categories based on the available data. However, our approach assumed that race/ethnicity was missing at random given the year and woman's age group. The extent to which that assumption holds is unknown, but we did not find evidence that missing race/ethnicity was related to other characteristics. Third, for our estimates of the risk of chlamydia-associated PID and TFI, we used data from Denmark, and the data may not reflect risk in King County. However, the Denmark study was population based, incorporated similar years of data, included diagnosed infections, and reported the same risk of chlamydia diagnosis (20%). In addition, the Denmark study included only hospital episodes of PID. We aimed to account for this by deriving low-and high-end estimates. Nonetheless, substantial uncertainty remains; our estimates are imprecise. Fourth, we assumed the risks of chlamydia-associated PID and TFI were stable from 1992 through 2014; the risk of these sequelae may have changed with more widespread testing and treatment. Fifth, our estimates ignore the impact of repeat infections; women with multiple chlamydial infections are probably at higher risk of sequelae, meaning that our estimates likely underestimate the true risk of PID and TFI. Finally, the extent to which observed changes in chlamydia risk reflect true changes in incidence vs changes in testing patterns is uncertain. Despite these limitations, we used surveillance data that allowed us to examine population-based trends that spanned more than 20 years.
In conclusion, our analysis provides some evidence that while the lifetime risk of chlamydia diagnosis appears to be increasing in non-Hispanic whites, screening initiatives that prioritize black women in King County have been successful. Despite this positive trend, racial/ethnic disparities in the lifetime risk of chlamydia diagnosis persist and contribute to disparities in serious reproductive morbidity. New and innovative prevention tools are needed, including strategies to increase testing and rescreening.
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Notes
Abbreviation: TFI, tubal factor infertility. a Lifetime risk was defined as the risk by age 34 years (includes age 34).
b The ranges are based on the range of our low and high estimates of the lifetime risk of chlamydia-associated pelvic inflammatory disease. c Numbers differ in the thousandth decimal place.
